In univariate analysis lower HRQOL was associated with female gender, older age, receiving treatment in the UK, having a higher number of complications, and having a higher number of chelation side effects (for patients on oral chelator). Higher HRQOL was associated with being transfused (general health domain only) and being on an oral chelator. There was no association between any measure of compliance and HRQOL for patients on DFO alone. Race and ferritin were not associated with differences in SF-36 scores. In multivariate analysis (controlling for gender, race, chelator choice, frequency of side effects from chelation, country, number of complications, ferritin and transfusion status), older age, greater number of side effects, country (UK), and number of complications were the major factors associated with lower HRQOL, with race and gender showing a more limited effect, and chelator choice and ferritin showing no association with HRQOL in any SF-36 domain (Table III) . This is one of only a few published reports of HRQOL in thalassemia patients, and the first to look at clinical associations with HRQOL. As expected, we found that adolescent and adult patients with thalassemia had impaired HRQOL compared with US norms. After controlling for demographic and clinical variables, we found that older age, greater number of side effects, country (UK), greater number of complications, and to a lesser extent female gender, Asian race, and not being transfused were associated with lower HRQOL.
Older age and female gender were associated with lower HRQOL in the TLC patients, but are known to be associated with lower HRQOL in the general population as well. After controlling for population differences in HRQOL we found no effect of gender over and above that of the general population; however HRQOL is lower in the older TLC patients than would be expected in the general population. This difference was primarily seen in areas of patient reported physical health rather then mental health and remained even after removing UK patients from the analysis.
This conclusion, that HRQOL is lower than expected in older TLC patients, must be interpreted with caution. Since this initial evaluation is a cross-sectional analysis, older TLC patients were diagnosed in an earlier era and may have been receiving transfusion and chelation therapy for longer. Also oral chelation is a relatively new therapeutic option in the US, which may give a generational effect on HRQOL. It will be enlightening to follow TLC patients over time and see if this age effect on HRQOL persists.
Our multivariate results are quite striking, especially since chelator choice was not associated with HRQOL in any domain after adjusting for other variables. This is in contrast with some literature which suggests oral chelation is associated with higher patient satisfaction. This may be due to the fact that patients are free to choose their own chelation, or may reflect the importance of adding clinical variables to the analysis.
Country remained a significant factor across domains, even after controlling for multiple variables, with UK patients reporting lower HRQOL compared with US or Canadian patients; however, the number of UK patients is too small to make conclusions about this finding.
We have attempted to demonstrate which HRQOL differences are clinically relevant to the population. There is a growing literature on minimal clinically important difference (MCID) which can be loosely defined as the smallest change that is important, or seen by the patient as an improvement. A difference in two to five points on the normalized (mean of 50) SF-36 scores is often used as an approximation of the MCID [7, 8] . By that measure we can see that many factors (such as age, gender, side effects, and country) have a large effect which is likely to be clinically relevant.
Our findings show some differences from other published literature, although interestingly two Italian thalassemia studies showed contrasting results as well. Messina et al. showed striking impairments in social functioning, role-emotional and the mental component summary [9] . However Scalone et al. showed SF-36 scores for thalassemia patients which were close to country norms, and in some cases even higher [10] . By contrast our results show HRQOL lower than US norms with the greatest effect in general health and the physical domains. It is unclear why the Messina study showed such extremely low scores for social functioning, role-emotional, and the mental summary score, although this may be in part because of the higher average age of the patients in that study. Our findings are however similar to two studies by Payne et al. In a UK study they report SF-36 scores that were lower than age-and gender-matched country-specific norms for all domains and both summary scores, with much lower scores for physical functioning and general health [5] . In a US study they found that patient reported lower HRQOL than US norms with general health showing the most impact [4] .
It is important to keep in mind that HRQOL is in many ways a social construct, since it relies on a person's expectation of health. Thus SF-36 norms vary by country with Italian norms being lower than US. For a disease such as thalassemia, which occurs in different populations, and is seen increasingly in immigrants in the US, these cultural differences are an important area for further study.
As we continue to make medical advances and improve life expectancy in thalassemia, HRQOL become an even more important marker of treatment success. The fact that the SF36 is widely validated and accepted in many Highlighted effects (greater than 2 points) may be considered clinically relevant.
letter countries makes it a good choice to be a standard assessment in thalassemia. Poor HRQOL in TLC patients is due to a complex combination of living with a chronic disease, medical complications, and side effects from chelation therapy. By identifying specific factors associated with lower HRQOL, we can help patients and health care providers focus on those areas likely to have the largest impact. As we follow our patient cohort over time we will also be able to examine associations between clinical changes and changes in HRQOL, which will add valuable information to how we can maximize HRQOL while striving to reduce the clinical burden of disease.
Methods
Our study involved patients enrolled in the Thalassemia Longitudinal Cohort (TLC), part of the Thalassemia Clinical Research Network (TCRN). The TCRN is an NIH/NHLBI funded research network composed of 6 core centers in the US, Canada, and the UK and their associated satellite sites. Patients with thalassemia who required regular medical monitoring and were followed at TCRN and satellite sites were recruited to become part of the TLC study. The goal of the TLC is to measure the prevalence and incidence of complications of thalassemia and their treatment [11] . The core data for TLC includes a medical history interview, medical record review, blood collection, and questionnaires on quality of life, nutritional status, and medication adherence done for each participant at baseline and at yearly follow-up visits.
Demographics (age, race, gender, country of enrollment) and medical data (ferritin, method of chelation, and frequency of transfusions) were collected through self-report and medical chart review. Race was dichotomized into Asian vs. non-Asian because of the small number of patients of 'other' race. Country was used as a three-level predictor and was also dichotomized into US/Canada vs. UK given the similarity in results among North American patients. We divided chelator choice into deferoxamine (DFO) only, oral chelator only, combination chelator, and no chelation. Patients on no chelation where excluded from some analyses that focused on chelator choice.
Because there is no universally agreed upon definition of disease severity beyond diagnosis and transfusion status, we used several proxy measures to get a more nuanced picture of disease burden. Measures we examined included ferritin, transfusion status, self-reported problems related to chelation, and number of disease or treatment related complications. Ferritin levels were obtained from the patient's medical record and used as a continuous variable but log transformed for analysis because of the skew of the data. Transfusion status was defined by the number of transfusions received in the past year; nontransfused (no transfusions) or transfused (including intermittently transfused patients requiring one to seven transfusions and regularly transfused at least eight transfusions per year).
A complication summary score was created for each patient by summing the ''yes'' responses to a list of 14 potential complications in the questionnaire, for a possible score of 0-14. If data on a complication was missing, it was counted as zero. Potential complications included cardiac complications (congestive heart failure, ventricular arrhythmia, low cardiac T2* by MRI), endocrine complications (diabetes Type I, diabetes Type II, growth hormone deficiency, hypothyroidism, hypoparathyroidism, hypogonadotropic hypogonadism), liver disease (cirrhosis), and transfusion related complications and infections (alloimmumization, active hepatitis C, chronic active hepatitis B, HIV). The list of complications included in the questionnaire was developed by group consensus among the site PIs for the study, all of whom are experienced clinicians caring for thalassemia patients. The summary score does not take into account the fact that some complications are more significant than others; however, the number of patients with each complication was too small to analyze each one individually.
To evaluate adherence to chelation patients were asked 'in the past month have you had problems' ''remembering,'' '' preparing,'' or ''taking'' their chelator. Patients on deferoxamine were also asked how often they had problems ''sticking yourself'' and ''wearing the pump''. Answers were on a 5-point Likert scale where 1 5 never, 2 5 rarely, 3 5 sometimes, 4 5 often, and 5 5 a lot. Therefore a higher score indicated more problems with that aspect of adherence. Patients were also asked to rank how often they ''felt successful'' taking their chelator on the same 5-point Likert scale as above; in that case a higher score was better, indicating more success with chelation. For the final question about compliance, patients were asked to rate how many side effects they felt they had from their chelator. Each question was examined separately, and as part of a total score, to determine which aspect of chelation contributed the most to adherence difficulties and HRQOL HRQOL was assessed by self-report with the Medical Outcomes Study 36-Item Short Form Health Survey version 2 (SF-36v2) for all patients over age 14. This is a generic measure of health related functional status and well-being, which has been well-validated in many different populations and disease states. It generates 8 subscale scores; physical functioning, role limitations due to physical health, bodily pain, general health, vitality, social functioning, role limitations due to emotional problems, and mental health. These domains are combined into two summary scores; a physical component summary (PCS) and mental component summary (MCS). Possible scores for each domain range from 0 (worst) to 100 (best), and can be normalized to a mean of 50 and standard deviation of 10 [12] . Published norms for the US population by age and gender were used for comparison. Other reported values for patients with thalassemia were obtained from published studies [4, 5, 9, 10, [13] [14] [15] . There were a total of 276 patients over age 14 in the TLC. Twelve were excluded for not having the SF-36 filled out completely, which resulted in a total sample of 264.
Mean values and standard deviation for subscales and component summaries of the SF-36 are presented. Comparisons between the US subset of the study population and US norms were done using t-test. Comparison was also made with age and gender matched norms to determine if the effects on age and gender in TLC patients were different than that seen in the general population.
To determine which differences were clinically as well as statistically significant we used measures of effect size and minimal clinically important difference (MCID). Effect size was calculated for each SF-36 subscale by dividing the difference between TLC scores and the US norm by the US standard deviation. Clinically significant effects was defined as an effect size >0.2, where 0.2-0.49 5 ''small,'' 0.50-0.79 5 ''moderate" and >0.80 5 ''large" [7, 8] . A difference in at least 2 points on the normalized (mean of 50) SF-36 scores was used as an approximation of a clinically relevant MCID.
Descriptive statistics were calculated for demographic variables (age, gender, race, country), transfusion status (transfused versus nontransfused), chelation choice (deferoxamine, oral chelator, combination therapy or no chelation), complications (as a continuous measure), ferritin (log transformed) and measures of adherence, as well as the SF-36 component scores and summary scores. Because of the differences noted in the UK patients, analyses were re-run with North American patients only. Bivariate analysis was done on each of the above mentioned variables with the SF-36 scores to determine associations and for consideration of inclusion in the final multivariate model.
Multivariate analysis was done including factors that were significant on bivariate screen (age, gender, country, complications, chelator choice, side effects, ferritin, transfusion status). Race was kept in the model despite not being significant on univariate screen because it was felt that it was important to include in this population. Since the only measure of adherence with a significant association with SF-36 scores was ''side-effect,'' it was the only adherence measure included in the final model. The final multivariate model included gender, race (Asian vs. non-Asian), chelator choice (only for patients on chelator), self-reported frequency of side effects from chelation, country, number of complications (as a continuous measure), ferritin (in log scale) and transfusion status (transfused versus not-transfused).
Statistical analyses were performed with SAS 9.2 for Windows (SAS Institute Inc., Cary, NC). QualityMetric Health Outcomes 2 Scoring Software 2.0 (QualityMetric Inc., Lincoln, RI) was used to score the SF36 data. 
